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Basis of the report 



1 . With regard to the elements of the international application:* 
j J the international application as originally filed. 

fx] the description, pages 1,3-39, as originally filed, 

pages 2, 2a, filed with the demand, 

pages , received on with the letter of 

I X | the claims, page 41, as originally filed, 

pages , as amended (together with any statement) under Article 19, 

page 40, received on 3 March 2004 with the letter of 3 March 2004 

pages 42-43, received on 1 April 2004 with the letter of 31 March 2004 

[x] the drawings, pages 1-18, as originally filed, 

pages , filed with the demand, 

pages , received on with the letter of 

| | the sequence listing part of the description: 

pages , as originally filed 

pages , filed with the demand 

pages , received on with the letter of 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

| J the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 

| [ the language of publication of the international application (under Rule 48.3(b)). 

| | the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 

preliminary examination was carried out on the basis of the sequence listing: 
| | contained in the international application in written form. 

j~| filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

pH| The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

CU T ** e statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished 

4. Qj The amendments have resulted in the cancellation of: 

| j the description, pages 

| | the claims, Nos. 

[ [ the drawings, sheets/fig. 

5. [^| This report has been established as if (some of) the amendments had not been made, since they have been considered to 
go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement slxeets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70 J 6 and 70 A7). 

** Any replacement sheet containing such amendments must be referred to under item J and annexed to this report 
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2. Citations and explanations (Rule 70.7) 

Citations 

Dl : US 6369404 

D2 : JP 2000-068495 

D3 : Dzurak et al, cond-mat/0306265 

NOVELTY fN 1 AND INVENTIVE STF.P f TS) 

Dl and D2 are representative of the closest prior art. Dl teaches a solid state quantum computer device, where 
individual dopant atoms form spin qubits. D2 teaches a solid state quantum computer device, where a pair of 
quilt. 6111 qUantUm d0tS provide a double wel1 elec *ric potential for a charged particle, thus forming a charge 

No obvious combination of the prior art teaches or suggests forming a charge qubit via ionisation of one of a 
pan of dopant atoms to form a double well electric potential for a charged particle or hole, as per the claims 
(when the latter are construed as per Box VHT). Hence the claims are novel and inventive over the prior art. 

NON-PATE NT LITERATI IRE P CATRGQRY DOCUMENT 

D3 is published after the priority date of the application, but before the filing date of the application, and hence 
may be relevant to the novelty and inventive step of the claims if there is a priority issue with the application. 

INDUSTRIAL APPLICABILITY (IA^ 

The subject matter of the claims is applicable to the manufacture of quantum computing devices. 
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Microwave spectroscopy of a quantum-dot molecule, 

T.H. Oosterkamp, T. Fujisawa, W.G. van der Wiel, K. Ishibashi, R.V. Hijman, S. 
Tarucha and L.P. Kouwenhoven, Nature 395, 873 (1998). 

Dephasing in open quantum dots, 

A.G. Huibers, M. Switkes, CM. Marcus, K. Campman and A.C. Gossard, Phys. Rev. 
Lett. 81, 200 (1998). 

Coupled quantum dots as quantum gates, 

G, Burkard, D. Loss and DJP. DiVincenzo, Phys. Rev. B 59, 2070 (1999). 

Coherent charge qubits based on GaAs quantum dots with a built-barrier, 

L. Fedichkin, M. Yanchenko and K.A. Valiev, Nanotechnology 11, 387 (2000). 

Quantum gates by coupled asymmetric quantum dots and CNOT-gate operation, 
T. Tanamoto, Phys. Rev. A 61, 022305 (2000). 

Coherent properties of a two-level system based on a quantum-dot photodiode, 

A. Zrenner, E. Beham, S. Stufler, F. Findeis, M. Bichler and G. Abstrieter, Nature 418, 

612 (2002). 

High coherent solid-state qubit from a pair of quantum dots, 
Xin-Qi Li and YiJing Yan, quant-ph/0204027 (2002). 

Two-electron quantum dots as scalable qubits, 

JUL Jefferson, M. Fearn, DXJ. Tipton and TJP. Spiller, quant-ph/0206075 (2002). 

Of the above, the work by Fedichkin et al (2000) deals with a charge qubit constructed 
from two quantum dots, each comprising electrons confined electrostatically at a 
GaAs/AlGaAs heterojunction. The state of their charge qubit is determined by the 
position of an excess electron shared between the two quantum dots, and operations on 
the qubit are facilitated by electrostatic control gates on the surface of the device, in 
particular a central barrier gate which controls tunnelling between the dots. They also 
describe a method to couple two such qubits to create a CNOT quantum gate, by 
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positioning the two qubits at right angles to each other, with coupling via the Coulomb 
interaction. 

The potential of quantum information processing relies on one of the most fragile 
resources in nature — quantum entanglement. Even without the destructive influence of 
environmental decoherence a practical quantum computer requires hundreds, if not 
thousands of gates to perform useful tasks. Since a system of qubits can never be totally 
isolated from the environment, error-correcting schemes must be incorporated in the 
design and encoding of the qubits, further increasing the number of qubits required. 

The real challenge is to prove the principle of QC in a technology which is inherently 
scalable. This does not simply mean the ability to make a large number of 
interconnected qubits. The concept of scalability requires that the error probability per 
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CLAIMS: 



1. A quantum device comprising a pair of dopant atoms located in an otherwise 
electrically inert solid substrate in which it is possible^) ionise the dopant atoms; 
wherein the two dopants produce a double-well electric J>otential and a charge qubit is 
realised by the location of one or more electrons or holes within this potential. 



2. A quantum device according to claim 1, wherein the substrate is silicon, the 
dopant is phosphorus and ionisation of one of the donor electrons creates a P-P + 

10 system. 

3. A quantum device according to claim 2, ^herein a charge qubit is formed by the 
location of a single electron in one or other wellfof the double- well potential. 

15 4. A quantum device according to claim 2, wherein the charge qubit is formed the 
lowest symmetric or antisymmetric molecular, states. 

5. A quantum device according to claim 2, wherein the spacing between the P 
atoms is up to 200nm. 

20 

6. A quantum device according to <|laim 5, wherein the spacing between the P 
atoms is in the range 20 to lOOnm. 

7. A quantum device according to c|aim 2, wherein the two P atoms are buried up 
25 to 200nm below the surface of the devic 



8. A quantum device according tofclaim 7, wherein the two P atoms are buried in 
the range 5 to 50nm. 

30 9. A quantum device according to claim 2, wherein the silicon substrate is coated 
with an insulating layer to isolate the dbnor electrons from any surface electrodes. 

10. A quantum device according td claim 9, wherein the insulating layer is Si0 2 . 
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40 

CLAIMS: 

1 . (amended) A quantum device comprising a pair of dopant atoms located in an 
otherwise electrically inert solid substrate in which it is possible to ionise the dopant 

5 atoms; wherein one of the two dopants is ionised to produce a double-well electric 
potential and a charge qubit is realised by the location of one or more electrons or holes 
within this potential. 

2. A quantum device according to claim 1 , wherein the substrate is silicon, the 
1 0 dopant is phosphorus and ionisation of one of the donor electrons creates a P-P + 

system. 

3. A quantum device according to claim 2, wherein a charge qubit is formed by the 
location of a single electron in one or other well of the double-well potential. 

15 

4. A quantum device according to claim 2 5 wherein the charge qubit is formed the 
lowest symmetric or antisymmetric molecular states. 

5. A quantum device according to claim 2, wherein the spacing between the P 
20 atoms is up to 200nm. 

6. A quantum device according to claim 5, wherein the spacing between the P 
atoms is in the range 20 to lOOnm. 

25 7. A quantum device according to claim 2, wherein the two P atoms are buried up 
to 200nm below the surface of the device. 

8. A quantum device according to claim 7, wherein the two P atoms are buried in 
the range 5 to 50nm. 

30 

9. A quantum device according to claim 2, wherein the silicon substrate is coated 
with an insulating layer to isolate the donor electrons from any surface electrodes. 

10. A quantum device according to claim 9, wherein the insulating layer is SiC>2. 
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where, one or more gates above the substrate control electron tunneling between the 
two qubits; and where, by suitable biasing of thpse and other gate electrodes, two-qubit 
logic operations may be performed. 



5 21 . A quantum device comprising two pairs of dopant atoms, each located in a solid 
substrate such that two double-well potentials are created; and two charge qubits are 
formed by the location of one or more electrons within the double-well potentials; and 



10 



where, one or more gates above the substrate controls the Coulomb interaction between 
the two qubits; and where, by suitable leasing of these and other gate electrodes, two- 
qubit logic operations may be performe 



15 



20 



25 



22. A quantum device compris 
pairs of donor atoms, arranged adj 
interaction between each adjacent p; 



more than one of the devices comprising two 
? acent each other, and having gates to enable 



23. A method of reading out 
according to any preceding claim, 



(i) 

(ii) 

(iii) 

(iv) 

(v) 



le logic state of a qubit from a quantum device 
imprising the steps of: 

a non-zero value to define a known relaxed state 
as been previously calibrated; 



Biasing the S-gate 
for which the SET ! 
Turning on the SE1*, 
Waiting for a period of time for the system to relax to the relaxed state; 
Monitoring SET cx rrent during the waiting period to determine whether 
a change of state o< curs, or not; 

Inferring the state >efore step (i) from the behaviour of the SET current 
monitored during s ;ep (iv). 



t> 



24. A method of initializatinj ; 
according to any one of claims 1 
(i) Biasing the S-gate 
30 (ii) Waiting for a perio 



the logic state of each qubit in a quantum device 
22, comprising the steps of: 
o a non-zero value to define a known relaxed state; 
of time for the system to relax to the relaxed state. 



25. A method of using a quantbm device according to any one of claims 1 to 22 to 
perform quantum computations, comprising typical steps which include: 
(i) Initializing each qubjt in the quantum device; 



WO 2004/019270 



43 



(ii) 



(Hi) 




PCT/AU2003/001059 



Using a suitable quantum algorithm to carry out one-qubit and two-qubit 
operations on the qubits in tlae device via an appropriately timed 
sequence of control gate biasin/; 
Reading out the logical states pf the qubits. 



10 



15 



20 



25 



30 



26. A method of making a quantum device a quantum device according to any one 
of claims 1 to 22, comprising the steps of:i 

(i) creating a resist mask for Implantation of an array of one or more pairs 
of dopant atoms into a semiconductor substrate; 

(ii) implanting one dopant ion through each hole in the mask to form an 
array of buried-atom quints; 

(iii) fabricating conducting electrodes above each implanted pair of donor 
atoms to serve as a B gate, an S gate and a SET; 

(iv) annealing the device p a temperature sufficient to remove implant 
lattice damage and activate the dopant - this step may occur either 
immediately before orfafter step (iii); 

(v) pre-initializing each pair of donor atoms to remove one of the electrons. 

27. A method of making a quani um device according to any one of claims 1 to 22, 
comprising the steps of: 

(i) passivating a clean semiconductor surface; 

(ii) patterning the passiv tted surface to open an array of holes; 
exposing the resulting surface to donor atoms, perhaps in the form of 
dopant-bearing mole >ules; 

overgrowing the cbpaht atom array with further layers of the 
semiconductor and annealing if necessary; 
coating the surface vmh an insulating layer if necessary; 
fabricating conducting electrodes above each implanted pair of donor 
atoms to serve as a B gate, an S gate and a SET; 
(vii) pre-initializing each pair of donor atoms to remove one of the electrons. 



(iii) 
(iv) 

(v) 
(vi) 



0& 



